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Flavin adenine dinucleotide (FAD) hydrolysis in cow and human milk 

Time in 
h 

ArAonnt of FAD 
(t~g) 
Cow Human 

Amount of riboflavin and riboflavin 
phosphate produced and calculated as 
riboflavin 
(~g) 

Cow Human 

Percentage of FAD destruction according 
to riboflavin estimation 

Cow Human 

10,0 10.0 13.08 10.25 - - 
18.91 13.91 76.4 53.0 
19.00 14.82 78.0 62.0 
19.00 14.82 78.0 62.0 

c o n c e n t r a t e d  mater ia l ,  Bu tano l / ace t i c  ac id /H20  sy s t em of 
CRAMMER ~ was used. F A D  was  enzymat i ca l ly  e s t ima ted  in 
the  D-amino acid oxidase  s y s t e m  as descr ibed b y  MAI~SON 
and  MODI s. U n d e r  these  condi t ions ,  0.5 vg F A D  produced  
an oxygen  u p t a k e  of 75 ~1; on examin ing  2 ml  of whole  
milk for t he  presence  of free F A D  no de tec tab le  a m o u n t  
was found  to be presen t .  On the  o the r  hand ,  w h e n  h u m a n  
milk  was  boiled for 3 min,  the  s u p e r n a t a n t  free f rom precipi-  
t a t e d  p ro te ins  con ta ined  FAD.  In  ana lyz ing  a n u m b e r  of 
such  samples ,  i t  was  observed  t h a t  t h e  F A D  c o n t e n t  
var ied  b e t w e e n  0.15 and  0.4 ~g/ml. On p a p e r  c h r o m a t o -  
graphic  examina t ion ,  one f luorescent  spo t  co r r e spond ing  
to F A D  was seen. F r o m  the  above  observa t ion ,  i t  seems 
t h a t  F A D  of h u m a n  milk  is b o u n d  to  one or more  of t he  
milk p ro te ins  wh ich  on hea t ing  become d e n a t u r e d  and  
l ibera te  free FAD.  

The  comple te  absence  of free F A D  cannot ,  however ,  be 
assumed,  because  the  me thod ,  due  to  t h e  l imi ta t ions  of 
t he  assay  sys tem,  could be expec t ed  to  de t ec t  only  
a m o u n t s  g rea te r  t h a n  0.02 vg/ml.  In  order  to explore  the  
poss ib i l i ty  of the  occurence  of free F A D  in h u m a n  milk, 
t he  fa te  of F A D  added  to  raw milk was s tudied.  MANSON 
and  MODI 5 h a d  observed  100% deg rada t i on  of F A D  in 
cow milk wi th in  i h. 2 ml  samples  of cow and  h u m a n  milk 
were i n c u b a t e d  a t  37°C wi th  20 ~zg F A D  for 3 h. The  
a m o u n t  of F A D  p resen t  in t r ich loroacet ic  ex t r ac t s  was  
e s t ima ted  b y  the  m e t h o d  of BURCH, BESSEY and  LOWRY s 
F r o m  the  figures l is ted in t he  Table,  it  can  be seen tha t ,  
t h o u g h  less t h a n  in cow milk,  t he re  was  cons iderable  
des t ruc t ion  of F A D  in h u m a n  milk. P a p e r  c h r o m a t o g r a p h y  
ind ica ted  t h a t  F A D  was  hyd ro ly sed  to  free r iboflavin.  
This  was fu r the r  conf i rmed  by  incuba t ing  k n o w n  a m o u n t s  
of F A D  wi th  h u m a n  milk  p ro te ins  ob t a ined  by  a m m o n i u m  
su lpha te  f rac t iona t ion .  The  resul ts  ind ica te  t h a t ,  if 0.2 tzg 
of F A D  was  i n c u b a t e d  w i t h  mi lk  p ro t e in  and  t h e  specific 
p ro te in  of D-amino acid oxidase,  wide va r ia t ions  in oxygen  
u p t a k e  were ob ta ined  depend ing  upon  the  order  in wh ich  
the  reac t ions  were  a d d e d  to  t he  i ncuba t ion  vessel.  W h e n  
F A D  and  e n z y m e  solut ion were mixed  before t he  add i t ion  
of mi lk  fract ion,  c o n c o r d a n t  values  for the  ra te  of Oe con-  
s u m p t i o n  were  a lways ob ta ined .  In  th is  e x p e r i m e n t  i t  was  

obse rved  t h a t  milk prote ins  hyd ro lyzed  t h e  a d d e d  F A D ,  
thus  suppress ing  the  react ion of D-amino acid oxidase.  

P r e l im ina ry  s tudies  have  been m a d e  to  cha rac te r i ze  the  
combined  F A D  form. Cow milk is a r ich source of xan-  
th ine  oxidase,  of which  FAD is the  p ros the t i c  group.  U n -  
like cow milk, h u m a n  milk does no t  con ta in  x a n t h i n e  
o x i d a s e l  or, if it  does con ta in  it, is a ve ry  poor  source ~. 
Therefore ,  a p re l imina ry  s t u d y  abou t  the  occurrence  of 
mi lk  f lavopro te ins  was  made .  Using the  procedure  of 
BAILLE and  MORTON s, reduced  d iphosphopyr id ine  nucleo-  
t ide -d iaphorase  and  reduced  d iphosphopyr id ine  nucleo-  
t ide  c y t o e h r o m e  C reduc tase  in h u m a n  milk were de t ec t ed  
in s igni f icant  amoun t s ,  whereas  glycine oxidase  and  suc- 
cinic dehyd rogenase  were  no t  de tec tab le ,  using the  m e t h -  
od of RATNER 9 and  BONNER 1° respec t ive ly .  

Zusammenfassung. Ribof lav in  ist in der  Mut t e rmi l ch  in 
F o r m  v o n  F lav in -aden in -d inuc leo t id  anwesend ,  was  ftir 
eine K o m p l e x f o r m  spr icht .  Fe r n e r  w u r d e n  in der  Milch 
zwei F lavopro te ine ,  die D P N - C y t o c h r o m  C-Reduk ta se  
und  D P N - D i a p h o r a s e  reduzier ten ,  gefunden.  
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O x y g e n  I s o t o p e  P a l e o t e m p e r a t u r e  M e a s u r e -  
m e n t s  on  L o w e r  J u r a s s i c  B e l e m n o i d e a  f r o m  

B a m b e r g  ( B a v a r i a ,  G e r m a n y )  

Spec imens  of Be lemno idea  were  col lected f rom the  
Tr imeusel  . locali ty on the  Main  r iver  near  B a m b e r g  
(Bavaria) 1. This  is an  ou tc rop  of t h e  u p p e r  p a r t  of Lias  
epsflon (Toarcian).  The oxygen  iso tope  ana lyses  were  

carr ied ou t  on CO~ samples  p repa red  according  to  the  nor-  
mal  t echn iques  ~ and  using an At las -Werke  M86 mass-  
spec t romete r .  The  s t a n d a r d  was CO~ m a d e  f rom Carrara  
marble ,  b u t  t he  resul ts  r epor ted  are cor rec ted  to  re la te  to  

z The specimens were kindly donated by Dr. D. H. WELTE of the 
Geologisch-Pal~iontologisches Institut der Universit/it Wttrzburg. 
S. EPSTEIN, R. BUC~SBAVM, H. A. LOWENSTAM, and H. C. UREY, 
Bull. geol. Soc. Amer. 64, 1315 (1953). 
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PDB-1 Chicago.  Th ree  spec imens  were u n a l t e r e d  a n d  gave  
r ep roduc ib le  resul ts .  The  d a t a  a re  as fol lows:  

1. Most negative specimen: Sample 1: d = --2.59°/oo 
Sample 2: d = --2.54°[o o 
Sample 8: d = --2.52°1o0 
Average: ~ = --'2.55O]oo 

Sample 1: ~ = --2.30°/o0 
Sample 2: ~ = --2.30°]o0 
Sample 3: ~ = --2.19°/oo 
Average: ~ = --2.26°/o0 

Sample 1 : ~ = --1.75°]o0 
Sample '2: d = --1.70°/oo 
Sample 3: ~ = -- 1.65°/oo 
Average: ~ = -- 1.70°/o0 

A s s u m i n g  t h e  m e a n  ocean  $ to  h a v e  b e e n  zero (as a t  
p resen t ) ,  t h e  p a l e o t e m p e r a t u r e s  c o r r e s p o n d i n g  to  t he  
ave r age  va lues  l i s ted  are  as fol lows:  

Specimen I:  28.4°C 
Specimen 2: 27.0°C 
Specimen 3: 24.2°C 

T h e  s igni f icance  of t he se  r e su l t s  is a p p a r e n t  w h e n  t h e y  
are  c o m p a r e d  w i t h  o the r s  o b t a i n e d  b y  t h e  a u t h o r  else- 
whe re  in  E u r o p e  3. F r o m  t h e  T o a r c i a n  (upper  Lias)  of 
Y o r k s h i r e  a n d  N o r t h a m p t o n  t e m p e r a t u r e s  of 31.7°C a n d  
29.6°C, 25.7°C, 23.8°C r e s pec t i ve l y  were  o b t a i n e d .  A 
spec imen  of t h e  s ame  age f r o m  T h o u a r s  in  F r a n c e  gave  a 
t e m p e r a t u r e  of 24.9°C, whi le  two  o t h e r  spec imens  f rom 
t h e  P l i e n s b a c h i a n  of St.  V i n c e n t  He r l anges  gave  t e m p e r a -  
t u r e s  of 24.6°C a n d  24.3°C respec t ive ly .  M e a s u r e m e n t s  
were m a d e  on  t h r e e  T o a r c i a n  B e l e m n o i d e a  f rom Switzer -  
land .  One,  f rom Sulz  (Fr ick ta l ,  K a n t o n  Aargau) ,  gave  a 
t e m p e r a t u r e  of 27.3°C. A second,  f r o m  Les P u e y s  (Can ton  
de  F r ibourg) ,  gave  23.5°C. T he  th i rd ,  f rom Le T a b o u s s e t  
(Can ton  de  Vaud) ,  gave  23.4°C. T h e  d a t a  show a consid-  
e rab le  u n i f o r m i t y  of t e m p e r a t u r e  to  h a v e  ex i s ted  t h r o u g h -  
o u t  W e s t e r n  E u r o p e  in  Liass ic  t imes .  T h e y  also show t h a t  
t h i s  was  a h i g h  t e m p e r a t u r e  a n d  t h i s  c an  be  d e m o n s t r a t e d  
too  b y  c o m p a r i n g  t h e m  w i t h  t e m p e r a t u r e s  r eco rded  f rom,  
e.g., t h e  Middle  Ju ra s s i c  of F r a n c e  ( range:  19.5°C to  
21.8°C) a n d  t h e  U p p e r  Ju r a s s i c  of G e r m a n y  ( range:  
20.5°C to  21.8°C) 3. The  T o a r c i a n  a n d  P l i e n s b a c h i a n  em-  
erge as v e r y  w a r m ,  equab l e  t i m e  in t e rva l s .  T h e  sca rc i ty  of 
l imes tones  a n d  cora l  reefs a t  t h i s  t ime ,  however ,  h a s  led 

some worker s  4 to  in fe r  cooler  cond i t i ons  t h a n  in t he  l a t e r  
Jurass ic .  T h a t  t h i s  conc lus ion  is e r roneous  is d e m o n -  
s t r a t e d  empi r i ca l ly  b y  t h e  oxygen  i so type  ana lyses ,  b u t  i t  
c an  be  s h o w n  to  be  m i s t a k e n  on  o t h e r  g rounds .  The  for- 
m a t i o n  of l imes tone  depends  on  t e m p e r a t u r e  a n d  also on  
t h e  a m o u n t  of i no rgan ic  elast ics  be ing  i n t r o d u c e d  in to  t h e  
a rea  of p o t e n t i a l  l imes tone  fo rma t ion .  T h u s  l imes tone ,  
e v e n  u n d e r  o p t i m u m  t e m p e r a t u r e  cond i t ions ,  m a y  n o t  
f o rm  because  of excess ive  d i l u t i on  b y  in f lux  o1 n o n -  
ca lca reous  s e d i m e n t  6. A n  i n t e r e s t i n g  p o i n t  in  t h i s  connec-  
t i on  is t h a t  a t  l eas t  in  one  case, a C a r i b b e a n  core, c a r b o n -  
a t e  c o n t e n t  a n d  t e m p e r a t u r e  are  u n r e l a t e d  ~. I n  add i t i on ,  
i t  is w o r t h  m e n t i o n i n g  t h e  r i ch  f lora  of t e m p e r a t e  facies 
f o u n d  in t h e  ea r ly  Lias  of E a s t  G r e e n l a n d  ~. T h e  u n i v e r s a l  
d i s t r i b u t i o n  of A m m o n o i d  f a u n a s  in  t h e  L o w e r  Ju ra s s i c  
leads  to  t he  in fe rence  t h a t  t he  h i g h  t e m p e r a t u r e s  f o u n d  
so u n i f o r m l y  in t h e  u p p e r  Lias  p r o b a b l y  ex i s t ed  t h r o u g h  
t h e  r e s t  of t h e  Lias  as well. F u r t h e r  ana lyses  are  necessa ry  
to  d e m o n s t r a t e  t h i s  phys ico -chemica l ly .  

Zusammen/assung. ]3e lemni ten  aus  d e m  Lias  eps i lon  
y o n  T r imeuse l  be i  ]3amberg  (]3ayern) w u r d e n  m i t  Hi l fe  
y o n  Saue r s to f f i so topen  a n a l y s i e r t  u n d  die P a l a e o t e m -  
p e r a t u r  b e s t i m m t .  Verg le iche  m i t  B e l e m n i t e n  aus  d e m  
u n t e r e n  Lias  d ive r se r  europAischer  Geb ie t e  e r g a b e n  den  
Naehwe i s  e iner  Pe r iode  m i t  w a r m e n  Meerwasser .  Dies  
s t e h t  im Gegensa t z  zu A n g a b e n  a n d e r e r  Au to ren ,  die au f  
d e m  F e h l e n  y o n  IZa lkab l age rungen  u n d  Kora l l en r i f f en  
bas ie r t en .  
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Structure  of the Nephr id ia  of the Indian Cattle 
Leech H i r u d i n a r i a  g r a n u l o s a  ( S a v i g n y )  with  

R e m a r k s  on  their Nephrid ia l  Microf lora  

BI~ATIA 1 confused  t he  b a c t e r i a  p r e s e n t  in  t h e  n e p h r i d i a l  
b ladders  of Hirudinaria granulosa w i t h  cil ia a n d  desc r ibed  
t h e i r  size, d i s t r i bu t ion ,  a n d  v i b r a t i l i t y .  I n  f ac t  t h e  f luid,  
fill ing t he  n e p h r i d i a l  b l adders ,  was  t u r b i d  in  a p p e a r a n c e  
due  to excessive bac t e r i a l  g r o w t h  in  i t .  T h e  baci l l i  were 
m o s t l y  n o n - m o t i l e  ( v ib r a t i l i t y  be ing  due  to  t h e  B r o w n i a n  
m o v e m e n t ) ,  2.8 to  7 $ (average  4 to  5 ~) in  l eng th ,  G r a m -  
nega t ive ,  non -ac id  f a s t  a n d  fo rmed  macroscop ic  c lumps .  
The  vesicles were i n t e r n a l l y  l ined  w i t h  a w h i t i s h  l ayer  of 
t h e  s ame  t y p e  of bacilli ,  w h i c h  could  be  r e m o v e d  b y  m e a n s  
of a b rush .  The  layer  was  t h i c k e s t  in  t h e  u p p e r  p a r t  of t h e  
vesicle a n d  i ts  t h i ckness  d i m i n i s h e d  t o w a r d s  t h e  nepr id io -  
pore.  On  t he  pos te ro -dorsa l  side of e ach  vesicle  was  p r e s e n t  
a w h i t i s h  p a t c h ,  fo rmed  of a c o m p a r a t i v e l y  b e t t e r  g r o w t h  

of bac te r i a ,  co inc id ing  w i t h  t h e  o p e n i n g  of t h e  ves ic le -duc t  
i n to  t he  n e p h r i d i a l  b l adde r .  Sec t ions  of t h e  vesicles, 
s t a i n e d  w i t h  G r a m ' s  t e c h n i q u e  2.3 us ing  H u c k e r - C o n n  crys-  
t a l  v iole t ,  W e i g e r t ' s  iodine,  a n d  Sa i f ran in ,  showed  a n  u n -  
e v e n  i n t e r n a l  l aye r  of G r a m - n e g a t i v e  bacill i .  

T h e  b a c t e r i a  were  c o u n t e d  b y  us ing  t h e  h a e m o c y t o -  
mete r .  T h e  f lu id  was  d i lu t ed  so as to  c o n t a i n  a b o u t  10~ to  
10 s cells pe r  m l  for  a ccu ra t e  coun t ing ,  t h o r o u g h l y  c h u r n e d  
in  o rde r  to  b r e a k  t he  b a c t e r i a l  c lumps ,  filled in t h e  coun t -  
ing  c h a m b e r  a n d  c o u n t i n g  done  u n d e r  d a r k - g r o u n d  il lu- 
m i n a t i o n .  T h e  f lu id  c o n t a i n e d  6.5 to  10.6 mi l l ion  b a c t e r i a l  
cells pe r  c m  3 (average  8.1 mil l ion) .  
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